Environmental problems have been considered as a serious situation in Hong Kong construction. Waste management is pressing harder with the alarming signal warning the industry. Reuse, recycling and reduce the wastes consider as the only methods to recover those waste generated; however, the implementations still have much room for improvement.
Introduction
The promotion of environmental management and the mission of sustainable development have exerted the pressure demanding for the adoption of proper methods to protect the environment across all industries including construction. Construction by nature is not an environmental-friendly activity. The hierarchy of disposal options, which categorizes environmental impacts into six levels, from low to high; namely, reduce, reuse, recycle, compost, incinerate and landfill [1] (see Figure 1 ). Three main waste minimization strategies of reuse, recycle and reduction, are collectively called the "3Rs". To reduce construction waste generated on site, coordination among all those involved in the design and construction process is essential.
<Figure 1>
Recycling, being one of the strategies in minimization of waste, offers three benefits [2]: i) reduce the demand upon new resources; ii) cut down on transport and production energy costs; and iii) use waste which would otherwise be lost to landfill sites. Construction and demolition (C&D) wastes including demolished concrete (foundations, slabs, columns, floors, etc), bricks and masonry, wood and other materials such as dry wall, glass, insulation, roofing, wire, pipe, rock and soil [3] constitute a significant component of the total waste.
In order to improve the existing practices of waste recycling, this paper focuses on the following objectives: i)
Investigating the waste problems in construction;
ii)
Examining the importance on waste recycling;
iii) Exploring the existing waste recycling methods by telephone-interviewing recyclers and visit to C&D sites and centralized recycling plant; and iv) Pinpointing the difficulties encountered from the existing waste recycling methods, the recovery methods for the current waste recycling market are suggested.
Construction Wastes Problem
Waste is defined as any material by-product of human and industrial activity that has no residual value [4] . From the statistic of EPD [5] (Table 1) , 38% of the wastes are generated from C&D activities, which is around 6,408 tons of wastes per annum are produced from construction activities. In 2001, the quantities of the ferrous metals represented at 45.5% with 803,190 tons of the total recyclable materials and 37.7% with 665,539 tons from wood and paper. Non-ferrous metals have the higher values of recyclable volume, in which it valued as one thousand million (Table 2) . For the total recyclable materials, ferrous metals, non-ferrous metals, wood and paper are incorporated to 87.1% of the total quantity of exported recyclable materials and 87.2% of the total values of the materials. Therefore, it is necessary to reduce the waste generated of those three categories of materials for effectively and efficiently reduce the problem in wastage.
<Table 1> <Table 2>
A comprehensive construction waste management is urgently needed on every construction site. After identifying the causes of construction waste, it is of great importance to structure ways to minimize it as the most favorable solution to waste problem of any kind. Indeed, it should be made compulsory that every construction company should enact construction waste management plan tailored to its particular mode of business so that every personnel from the management to the operational level can head for the same goal of construction waste management. Besides reduction strategies, economic issues in construction waste management in terms of recycling and contractual implications also play a significant role. Table 3 shows the recovery rates of several types of materials, such as paper, plastic, metals and glass, in Hong Kong, Australia, Japan, USA, Germany and United Kingdom. Germany clearly has the highest recovery rates when compared with other countries; 169% 1 , 108%, 105% and 88% of recovery rates for paper, plastic, metals and glass respectively.
Construction Waste Recycling

<Table 3>
Hong Kong recycling practices is lagging behind in comparison with other countries. Much of the construction wastes go to landfill. There are many opportunities for the industry to act to minimize this [6] in order to prolong the life of landfill sites, minimize transport needs and reduce the primary resource requirements (mineral and energy).
Although there are many material recycling schemes recommended by the Hong Kong government with some practices examples listed in Table 4 , actual administering of C&D waste recycling is limited to a few types of solid wastes. When considering a recyclable material, three major areas need to be taken into account [7] : i) economy; ii) compatibility with other materials; and iii) material properties. From a purely economic point of view, recycling of C&D waste is only attractive when the recycled product is competitive with 4 natural resources in relation to cost and quantity. Recycled materials will be more competitive in regions where a shortage of both raw materials and landfilling sites exists.
<Table 4>
Existing Waste Recycling Methods
The economic and environmental benefits to be gained from waste minimization and recycling are enormous [8] , since it will benefit both the environment and the construction firms in terms of cost reduction. The economic benefits of waste minimization and recycling include the possibilities of selling specific waste materials and the removal from site of other wastes at no charge or reduced cost, with a subsequent reduction in materials going to landfill at a higher cost [9] . Therefore, it can increase contractors' competitiveness through lower production costs and a better public image. However, very few contractors have spent efforts in considering the environment and developing the concept of recycling building materials [10] . Because contractors rank timing as their top priority, their effort is always focused on completing the project in the shortest time, rather than the environment [11] [12] . Their account books cannot reveal the potential savings resulted from reduction in construction wastes. Managing building material waste can in fact achieve higher construction productivity, save in time and improvement in safety [13] [14] [15] while extra wastes take extra time and resources for disposal that may slow down the construction progress.
In the examination on the current situation on waste management and recycling in the construction industry, telephone-interviewing with recycling firms, interviewing with the representatives and site visits to six local C&D sites (including the selective demolition site at [5] . Furthermore, seven recycling companies were interviewed for clarifying and discussing the current status, difficulties and possibility for further improvement in the recycling culture in Hong Kong.
From the survey, most of the recycling materials are ferrous and non-ferrous metals, which included 19.92% and 22.31% respectively (see Table 5 ). Paper, plastic and computer product are also considered for recycling with 17.93%, 15.14% and 11.16% respectively. In the discussions with the interviewees, the recycling materials will normally be transported to Although various types of materials are recycled, C&D wastes will not be considered by around half of the recycling companies with 45.74% (see Table 6 ). The recyclers explained that the control of impurities and thus the need for sorting are the major reasons. As discussed with the construction organizations, they will initially recycle the profitable materials, including metal and electric cable. Other recyclable materials, such as bamboo scaffolding, coverage material, hoarding and cover-walkway will normally be reused for other similar projects. Other materials, including tile, finishes, brick and block, may usually end up in landfill areas.
<Table 6>
Many of the recycling companies (34.04%) will require construction organizations to sort out the wastes before collection (see Table 7 ). In the discussions with recyclers, the profit made from recycling market is not high; the recycling companies cannot provide resources in sorting various types of materials. Thus this responsibility is shifted to the construction organizations. The construction organizations are encouraging to sort various types of C&D materials during demolishing, in which the newly adopted "selective demolition method" can facilitate the sorting procedures and improve the recycling rate.
<Table 7>
Furthermore, most of the recycling companies will not restrict the minimum quantity for the recycling materials (see Table 8 ). While some of the recycling companies will depend on distance and situation. In interviewing one of the recycling firms, he explained that the limit on receiving recycling materials, particularly on the low-value materials, should be predetermined. Otherwise, the costs for transportation and labour may exceed the cost of reclaimed wastes. For the valuable and profit-making recycling materials, such as ferrous and non-ferrous metals, and electricity cable, both the construction organizations and recyclers will actively receive it even the quantity is very low. Furthermore, wide price ranges are found in this survey, which can vary up to ten times. The recyclers explained it may be due to the seasonal variations.
<Table 8>
Most of the recycling companies (84.69%) will allow receiving the materials from everywhere in Hong Kong (see Table 9 ). Although the recycling companies will receive materials everywhere in Hong Kong, the waiting time for receiving these materials still need to be concerned. As explained by one of the recyclers, the recycling companies will normally wait for receiving materials from various construction sites if the quantity cannot fully full-up the truck. However, poor construction site conditions may impose difficulty of prolonging the waiting time for waste collection.
<Table 9>
In order to send these recycling materials to the recyclers, nearly half of the recycling companies (57.45%) will freely provide transportation and labour (see Table 10 ). However, 22.34% of the recycling companies will require charge for receiving these materials; the price range is from HK$50 to HK$400 per ton, which depends on the distance and types of materials. For examples: collection of plastic bottle needs a higher transportation and labour fee as these consumes lot of spaces with only a light weight; the ferrous and non-ferrous metals are received at a lower unit charge.
<Table 10>
In the discussions with recycling companies, several difficulties in the current recycling (e) Hong Kong's recycling market is restricted to those recycling materials which have a high scrap value; other non-profitable but recyclable materials are not being considered. Some of the sorted but non-profitable materials will still be sent to dumping areas.
(f) In recycling concrete wastes, Tuen Mun Area 38 recycling plant is restricting the minimum size of the demolished concrete to 250mm. The construction organization explained that the stringent requirement on the acceptable minimum size of concrete wastes.
(g) The fundamental encouragement in proposing landfill charging scheme is improving the sorting situation and the recycling rate in Hong Kong. However, the construction organizations argued that it may only increase the processing cost, which however may simply be transferred to the clients and reflected in the tender price.
Data Collected from Visits to the C&D Sites
Five site visits are conducted with the aid of the Housing Authority (HA) of the Hong Kong SAR; details of which are summarized in Table 11 . From the discussions with the representatives of five HA C&D sites and the investigators' observations, the recycling materials of the five sites are limited to concrete and reinforcement bars with the former being a request from HA or forming one of the contract conditions and the latter for the economic value. However, with a lack of financial incentive, the recycling rates of the other low-valued construction debris were low. For Construction Site 5, an efficient environmental plan was established, in which all types of construction wastes were separated and packed with bags that were dumped through the refuse chute at different time slots as defined in the plan leading to efficient collection of completely separated wastes. However, these wastes could not all end up being recycled due to the lack of interests from recycling companies or the lack of relevant recycling plants.
<Table 11>
The main problems hindering waste recycling identified from the site visits which were also confirmed by Kasai [16] are: (e) Imbalanced supply and demand of recycled products is investigated. It may be difficult to find outlets for the recycled materials. Construction organization also finds difficulty in locating salvage collectors or recyclers, which may be due to the lack of coordination in the recycling industry.
(f) Quality requirements of the recycled materials may also form a hurdle of in marketing recycled products.
(g) Lack of standards for the recycled products hinders their adoption.
(h) Reuse and recycling technologies are not well-established.
(i) Harmful materials may be released from the recycling processes. Forty percent of the concrete wastes supply came from public works while the other sixty percent was from private organizations. However, those coming from private organizations need some sorting before feeding into the plant. Six hundred to twelve hundred tons of recycled aggregate can be produced daily provided that the supply can provide enough quantities. The recycled aggregate is mainly used as new concrete; 1% for foundation, retaining wall, ground beam, and pile cap, 15% for drainage surround and haunching, 50%
for rockfill and filter layers, 15% for sub-base and 20% for paving block. As discussed with the representatives of the recycling plant and our observations, the following difficulties were encountered in recycling concrete wastes:
(a) Recycled aggregate has higher water absorption values, as a result, higher demand for water, and longer mixing time required. Construction practitioners lack experience in managing and using the recycled aggregate. 
Improving the Current Status in Recycling Markets
After the brief discussions with the recyclers, the representatives from C&D sites and Tuen
Mun Area 38 centralized recycling plant, it was determined that there are several ways in improving the current status of recycling market: (j) It is necessary to balance the supply and demand of recycled materials through legislations or incentive schemes.
Conclusion
As environmental protection had been pressing hardly in all over the world, the pollution generation from construction activities seems difficult to control; while waste problem is the major element in the pollution generation. For controlling the waste generation in Hong Kong construction, reuse, recycling and reduce the construction materials had been encouraged.
However, the existing waste recycling methods did not encourage the various recycling parties and encountered difficulties from various directions. Therefore, some recommendations are suggested: i) proposing a higher landfill charging scheme; ii) setting up a centralized centre for recycling the materials; iii) examining the Hong Kong government should be supported in the provision of land for recycling plants; iv) implementing innovative demolition methods; v) allowing some locations in town for residents' easy access to drop-off recyclable materials; vi) allowing flexible demolition periods; vii) setting up recycling plant in town or in the form of mobile installations; viii) reusing the reusable components as donations to the charity organization; ix) providing higher flexibility in receiving concrete waste in Tuen Mun Area 38 recycling plant; and x) balancing the supply and demand of recycled materials through legislations or incentive schemes.
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-Intake from private normally needs further sorting (uneconomic).
-No seasonal change in supply, which is mainly affected by the number of demolition sites.
-C&D waste is composed of 50% concrete waste and 50% stone or boulders.
Production rate -600 tons daily (max. 1200 tons), due to inadequate supply of waste.
-No charge for supplying to government projects (including KCRC and MTRC) and private projects (backfill and hardcore). Crushers Jaw crushers (first pass) to make G200 boulders and cone crushers (second pass) for crushing to the required sizes; i.e., 40, 20, 10 and below 5mm).
Test -Test for every 300 tons of recycled aggregate produced (density, water absorption, ten percent fine, chloride, sulphate, flakiness, elongation).
-The Central Government Laboratory is conducting tests on durability.
Cost -Operation cost is about HK$40/tons (including test, management and labour).
-Capital cost of the plant is about HK$25,000,000
Suggestions -Landfill charging scheme will encourage contractors to sort the waste that will facilitate operations of the recycling plant at Tuen Mun. 
